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(57) ABSTRACT 
A pharmaceutical composition effective for the prophylaxis 
and treatment of diabetes is provided. This pharmaceutical 
composition comprises the combination of an ot-amylase 
inhibitor selected from a compound represented by the fol 
lowing general formula (I): 

[Chemical formula 1] 

[whereinA represents, for example, a cyclic group, etc. 
R1 and R2 represent an alkyl group, hydroxymethyl group, 
etc., and n represents 1 or 2], or a pharmacologically accept 
able salt or ester thereof, and at least one type of drug selected 
from an insulin sensitiZer, an insulin secretagogue, a bigu 
anide drug, an insulin preparation and a DPP-IV inhibitor. 
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MEDICINAL COMPOSITION CONTAINING 
DIABETES REMEDY 

TECHNICAL FIELD 

The present invention relates to a pharmaceutical compo 
sition combining an ot-amylase inhibitor and another diabetes 
prophylactic and/or therapeutic drug having a different 
mechanism of action (preferably, the pharmaceutical compo 
sition is an agent for the treatment and/or prophylaxis of 
postprandial hyperglycemia and diabetes). 

Moreover, the present invention relates to the use of the 
aforementioned compound for production of the aforemen 
tioned pharmaceutical, or a method for preventing and/or 
treating the aforementioned diseases by administering the 
aforementioned pharmaceutical to a Warm-blooded animal 
(preferably to a human). 

BACKGROUND ART 

ot-amylase inhibitors suppress decomposition of carbohy 
drates by inhibiting ot-amylase, a digestive enzyme, and are 
knoWn to generate effects that loWer blood glucose levels 
(see, for example, Patent documents 1 to 3). 

HoWever, a pharmaceutical composition having the spe 
ci?c combination of the present invention is completely 
unknoWn. 
[Patent document 1] 
International Patent Publication W0 00/ 50434 
[Patent document 2] 
International Patent Publication W0 01/ 94367 
[Patent document 3] 
Japanese Patent Application (Kokai) No. 2004-250446 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 

Diabetes is a chronic illness. Since it also has a complex 
pathology, there are many cases in Which symptoms progress 
While accompanied by numerous types of complications. 
Thus, although it is necessary to select a drug that is most 
suited to the symptoms of each patient at that time, in the case 
of using individual drugs alone, there are cases in Which 
adequate effects are not obtained depending on the symp 
toms. In addition, since there are also various problems such 
as the appearance of adverse side effects from increasing the 
dose or prolonged administration, there are many cases in 
Which selection of such a drug is di?icult in the clinical 
setting. 
As a result of conducting extensive studies on a diabetes 

preventive and/or therapeutic drug having feW adverse side 
effects even during prolonged drug administration and effec 
tive in numerous diabetes patients in consideration of the 
aforementioned circumstances, the inventors of the present 
invention found that this object can be achieved by combining 
an ot-amylase inhibitor as an essential component With 
another diabetes preventive and/or therapeutic drug having a 
different mechanism of action, thereby leading to completion 
of the present invention. 

Means for Solving the Problem 

Namely, the present invention relates to: 
(l) A pharmaceutical composition comprising a combination 
of an ot-amylase inhibitor selected from a compound repre 
sented by the folloWing general formula (I): 
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[Chemical formula I] 

n 

[Wherein A represents the folloWing general formula (Al), 
(A2) or (A3), 

[Chemical formula 2] 

(A1) 
R7 

R5 N 

R1 and R2 may respectively be the same or different and 
represent a Cl-C6 alkyl group, hydroxymethyl group, Cl-C6 
alkoxymethyl group or C 1 -C6 haloalkyl group, R3 , R4, R5 and 
R6 may respectively be the same or different and represent a 
C l-C6 alkyl group, C l-C6 alkoxy group, C l-C6 hydroxyalkyl 
group, Cl-C6 haloalkyl group, amino group (Wherein said 
amino group may be substituted With 1 or 2 Cl-C6 alkyl 
groups or Cl-C6 hydroxyalkyl groups), hydroxyl group, 
hydrogen atom or halogen atom, R7 represents a C l-C6 alkyl 
group, Cl-C6 alkoxy group, Cl-C6 hydroxyalkyl group, 
Cl-C6 haloalkyl group, hydroxyl group or hydrogen atom, 
and n represents an integer of l or 2], or a pharmacologically 
acceptable salt or ester thereof, and at least one type of drug 
selected from an insulin sensitiZer, an insulin secretagogue, a 
biguanide drug, an insulin preparation and a DPP-IV inhibi 
tor. 
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(2) A pharmaceutical composition comprising a combination 
of an ot-amylase inhibitor selected from a compound repre 
sented by the following general formula (1): 

[Chemical formula 3] 

n 

[Wherein A represents the folloWing general formula (Al), 
(A2) or (A3), 

[Chemical formula 4] 

(A1) 
R7 

(A2) 

(A3) 

R1 and R2 may respectively be the same or different and 
represent a Cl-C6 alkyl group, hydroxymethyl group, Cl-C6 
alkoxymethyl group or C l-C6 haloalkyl group, R3 , R4, R5 and 
R6 may respectively be the same or different and represent a 
C l-C6 alkyl group, C l-C6 alkoxy group, C l-C6 hydroxyalkyl 
group, C l-C6 haloalkyl group, amino group (Wherein said 
amino group may be substituted With 1 or 2 C l-C6 alkyl 
groups or C l-C6 hydroxyalkyl groups), hydroxyl group, 
hydrogen atom or halogen atom, R7 represents a C l-C6 alkyl 
group, C l-C6 alkoxy group, C l-C6 hydroxyalkyl group, 
Cl-C6 haloalkyl group, hydroxyl group or hydrogen atom, 
and n represents an integer of l or 2], or a pharmacologically 
acceptable salt or ester thereof, and at least one type of drug 
selected from an insulin sensitiZer, an insulin secretagogue, a 
biguanide drug, and an insulin preparation. 
(3) The pharmaceutical composition of (l) or (2), wherein R1 
is a C l-C3 alkyl group, hydroxymethyl group, C l-C3 
alkoxymethyl group or C l-C3 haloalkyl group. 
(4) The pharmaceutical composition of (l) to (3), wherein R1 
is a methyl group or hydroxymethyl group. 
(5) The pharmaceutical composition of (l) to (4), Wherein R2 
is a hydroxymethyl group or C l-C3 haloalkyl group. 
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(6) The pharmaceutical composition of (l) to (5), Wherein R2 
is a hydroxymethyl group. 
(7) The pharmaceutical composition of (l) to (6), Wherein A 
is represented by the folloWing general formula (Al). 

[Chemical formula 5] 

(A1) 
R7 

r1. 2w 
(8) The pharmaceutical composition of (7), Wherein R3, R4 
and R5 may respectively be the same or different and repre 
sent a hydroxymethyl group, hydroxyl group or hydrogen 
atom. 

(9) The pharmaceutical composition of (7) or (8), Wherein R7 
represents a hydrogen atom. 
(10) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and an insulin sensi 
tiZer. 
(l l) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and an insulin sensi 
tiZer, and by Which Weight gain is suppressed. 
(12) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and an insulin sensi 
tiZer, and by Which cardiac hypertrophy is suppressed. 
(l 3) The pharmaceutical composition of (l 0) to (l 2), Wherein 
the insulin sensitiZer is a PPARY agonist. 
(l 4) The pharmaceutical composition of (l 0) to (l 2), Wherein 
the insulin sensitiZer is pioglitaZone or rosiglitaZone. 
(l 5) The pharmaceutical composition of (l 0) to (l 2), Wherein 
the insulin sensitiZer is pioglitaZone. 
(l 6) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and an insulin secre 
tagogue. 
(17) The pharmaceutical composition of (16), Wherein the 
insulin secretagogue is a sulfonyl urea drug or a fast-acting 
insulin secretagogue. 
(18) The pharmaceutical composition of (16), Wherein the 
insulin secretagogue is glibenclamide, glimepiride or nateg 
linide. 
(19) The pharmaceutical composition of (16), Wherein the 
insulin secretagogue is nateglinide. 
(20) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and a biguanide drug. 
(21) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and a biguanide drug, 
Which suppresses increases in lactic acid levels. 
(22) The pharmaceutical composition of (20) or (21), Wherein 
the biguanide drug is metformin, phenformin or buformin. 
(23) The pharmaceutical composition of (20) or (21), Wherein 
the biguanide drug is metformin. 
(24) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and a DPP-IV inhibi 
tor. 

(25) The pharmaceutical composition of (24), Wherein the 
DPP-IV inhibitor is MK-043l, LAP-237 or EMS-477118. 
(26) The pharmaceutical composition of (24), Wherein the 
DPP-IV inhibitor is MK-043l. 
(27) The pharmaceutical composition of (l) to (26) Which is 
suitable for oral administration. 
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(28) The pharmaceutical composition of (1), comprising the 
combination of an ot-amylase inhibitor and an insulin prepa 
ration. 

(29) The pharmaceutical composition of (28), Wherein the 
insulin preparation is fast-acting insulin. 

(30) The pharmaceutical composition of (l) to (29), Wherein 
the ot-amylase inhibitor is (2R,3R,4R)-4-hydroxy-2-hy 
droxymethylpyrrolidin-3-yl 4-O-(6-deoxy-0t-D-glucopyra 
nosyl)-0t-D-glucopyranoside, (2R,3R,4R)-4-hydroxy-2-hy 
droxymethyl-pyrrolidin-3 -yl 4-O-(6-deoxy-[3-D 
glucopyranosyl)-0t-D-glucopyranoside, (2R,3R,4R)-4 
hydroxy-2 -hydroxymethylpyrrolidin-3 -yl 4-O-[3-D 
glucopyranosyl-ot-D-glucopyranoside, (2R,3R,4R)-4 
hydroxy-2-hydroxymethyl-pyrrolidin-3-yl 4-O-(6-?uoro-6 
deoxy-[3-D-glucopyranosyl)-D-glucopyranoside or a 

pharmacologically acceptable salt or ester thereof. 

(31) The pharmaceutical composition of (l) to (29), Wherein 
the ot-amylase inhibitor is (2R,3R,4R)-4-hydroxy-2-hy 
droxymethylpyrrolidin-3-yl 4-O-(6-deoxy-0t-D-glucopyra 
nosyl)-0t-D-glucopyranoside, (2R,3R,4R)-4-hydroxy-2-(hy 
droxymethyl)-pyrrolidin-3-yl 4-O-(6-deoxy-[3-D 
glucopyranosyl)-0t-D-glucopyranoside, or a 

pharmacologically acceptable salt or ester thereof. 

(32) The pharmaceutical composition of (l) to (29), Wherein 
the ot-amylase inhibitor is (2R,3R,4R)-4-hydroxy-2-(hy 
droxymethyl)pyrrolidin-3 -yl 4-O-(6 -deoxy-[3 -D-glucopyra 
nosyl)-0t-D-glucopyranoside, or a pharmacologically accept 
able salt or ester thereof. 

(33) The pharmaceutical composition of (l) to (32) Which is 
a drug for the prophylaxis or treatment of diabetes. 

(34) The pharmaceutical composition of (l) to (32) Which is 
a drug for the prophylaxis or treatment of postprandial hyper 
glycemia. 
(35) The pharmaceutical composition of (l) to (32) for the 
prophylaxis or treatment of diabetes having enhanced blood 
glucose loWering action as compared With single-drug 
administration. 

(36) Use of an ot-amylase inhibitor and a drug selected from 
an insulin sensitiZer, insulin secretagogue, biguanide drug, 
insulin preparation and DPP-IV inhibitor for producing a 
pharmaceutical composition comprising the combination of 
said ot-amylase inhibitor selected from a compound repre 
sented by the folloWing general formula (1): 

[Chemical formula 6] 

n 
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[Wherein A represents the folloWing general formula (Al), 
(A2) or (A3), 

[Chemical formula 7] 

(A1) 
R7 

(A2) 

(A3) 

R1 and R2 may respectively be the same or different and 
represent a Cl-C6 alkyl group, hydroxymethyl group, Cl-C6 
alkoxymethyl group or C 1 -C6 haloalkyl group, R3 , R4, R5 and 
R6 may respectively be the same or different and represent a 
C l-C6 alkyl group, C l-C6 alkoxy group, C l-C6 hydroxyalkyl 
group, Cl-C6 haloalkyl group, amino group (Wherein said 
amino group may be substituted With 1 or 2 Cl-C6 alkyl 
groups or Cl-C6 hydroxyalkyl groups), hydroxyl group, 
hydrogen atom or halogen atom, R7 represents a C l-C6 alkyl 
group, Cl-C6 alkoxy group, Cl-C6 hydroxyalkyl group, 
Cl-C6 haloalkyl group, hydroxyl group or hydrogen atom, 
and n represents an integer of l or 2], or a pharmacologically 
acceptable salt or ester thereof, and at least one type of drug 
selected from an insulin sensitiZer, an insulin secretagogue, a 
biguanide drug, an insulin preparation and a DPP-IV inhibi 
tor. 

(37) A method for treating diabetes comprising the enhance 
ment of therapeutic effects and reduction of adverse side 
effects by administering to a patient to be treated a combina 
tion of an ot-amylase inhibitor selected from a compound 
represented by the folloWing general formula (1): 

[Chemical formula 8] 

n 

[Wherein A represents the folloWing general formula (Al), 
(A2) or (A3), 
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[Chemical formula 9] 

(A1) 
R7 

R5 N 

R1 and R2 may respectively be the same or different and 
represent a Cl-C6 alkyl group, hydroxymethyl group, Cl-C6 
alkoxymethyl group or C l-C6 haloalkyl group, R3 , R4, R5 and 
R6 may respectively be the same or different and represent a 
C l-C6 alkyl group, C l-C6 alkoxy group, C l-C6 hydroxyalkyl 
group, C l-C6 haloalkyl group, amino group (wherein said 
amino group may be substituted With 1 or 2 Cl-C6 alkyl 
groups or Cl-C6 hydroxyalkyl groups), hydroxyl group, 
hydrogen atom or halogen atom, R7 represents a C l-C6 alkyl 
group, Cl-C6 alkoxy group, Cl-C6 hydroxyalkyl group, 
Cl-C6 haloalkyl group, hydroxyl group or hydrogen atom, 
and n represents an integer of 1 or 2], or a pharmacologically 
acceptable salt or ester thereof, and at least one type of drug 
selected from an insulin sensitiZer, an insulin secretagogue, a 
biguanide drug, an insulin preparation and a DPP-IV inhibi 
tor. 

In the present invention, there are no particular limitations 
on the “(x-amylase inhibitor” provided it is a drug Which 
inhibits amylase, a digestive enzyme, an example of Which is 
a compound represented by the folloWing general formula (1): 

[Chemical formula 10] 

n 

[wherein A represents the folloWing general formula (A1), 
(A2) or (A3), 
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[Chemical formula 11] 

(A1) 

(A3) 

R1 and R2 may respectively be the same or different and 
represent a Cl-C6 alkyl group, hydroxymethyl group, Cl-C6 
alkoxymethyl group or C 1 -C6 haloalkyl group, R3 , R4, R5 and 
R6 may respectively be the same or different and represent a 
C l-C6 alkyl group, C l-C6 alkoxy group, C l-C6 hydroxyalkyl 
group, Cl-C6 haloalkyl group, amino group (Wherein said 
amino group may be substituted With 1 or 2 Cl-C6 alkyl 
groups or Cl-C6 hydroxyalkyl groups), hydroxyl group, 
hydrogen atom or halogen atom, R7 represents a C l-C6 alkyl 
group, Cl-C6 alkoxy group, Cl-C6 hydroxyalkyl group, 
Cl-C6 haloalkyl group, hydroxyl group or hydrogen atom, 
and n represents an integer of 1 or 2], or pharmacologically 
acceptable salt or ester thereof. Preferably, the ot-amylase 
inhibitor is (2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrroli 
din-3-yl 4-O-(6-deoXy-0t-D-glucopyranosyl)-0t-D-glucopy 
ranoside, (2R,3R,4R)-4-hydroxy-2-hydroXymethyl-pyrroli 
din-3-yl 4-O-(6-deoxy-[3-D-glucopyranosyl)-0t-D 
glucopyranoside, (2R,3R,4R)-4-hydroXy-2 
hydroxymethylpyrrolidin-3-yl 4-O-[3-D-glucopyranosyl-0t 
D-glucopyranoside or (2R,3R,4R)-4-hydroXy-2 
hydroxymethylpyrrolidin-3-yl 4-O-(6-?uoro-6-deoxy-[3-D 
glucopyranosyl)-D-glucopyranoside or pharmacologically 
acceptable salt or ester thereof. More preferably, the ot-amy 
lase inhibitor is (2R,3R,4R)-4-hydroxy-2-hydroxymeth 
ylpyrrolidin-3-yl 4-O-(6-deoXy-0t-D-glucopyranosyl)-0t-D 
glucopyranoside, (2R,3R,4R)-4-hydroxy-2-hydroxymethyl 
pyrrolidin-3-yl 4-O-(6-deoxy-[3-D-glucopyranosyl)-0t-D 
glucopyranoside, or a pharmacologically acceptable salt or 
ester thereof. 

In the present invention, an “insulin sensitiZer” is the 
generic term for a drug Which loWers blood glucose levels by 
improving insulin action insu?iciency, examples of Which 
include pioglitaZone, rosiglitaZone, MCC-555, BMS 
298585, AZ-242, LY-519818, R-483 and K-111 represented 
by the folloWing structural formulas: 
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[Chemical formula 12] 

/ S m4 \N o o g 
Pioglitazone 

[Chemical formula 13] 

S 

l >=O N N 
\ \/\o 0 g 

/ 
Rosiglitazone 

MCC-555 

S 
F 

O 

o o g 

EMS-298585 

O 3100* 
AZ-242 

L O 
o 

1U “(l ‘V HOOC o/ \ 

LY-519818 

0 COOH 

R-483 

/ . 

CHLOE??? 
K-111 

Cl Cl 

COOH 

Cl 

and, 3 -(2,4-dichlorobenZyl)-2 -methyl-N-(pentylsulfonyl) 
3H-benZimidaZole-5 -carboxamide (PK-614), 5- [4-(6-meth 
oxy-1-methyl-1H-benZimidaZol-2-ylmethoxy)benZyl]thia 
Zolidine-2,4-dione, and pharmacologically acceptable salts 

m 
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10 
thereof The insulin sensitiZer is preferably a thiaZolidine 
based insulin resistance ameliorant in the manner of piogli 
taZone, rosiglitaZone, 5- [4-(6 -methoxy- 1 -methyl- 1 H-benZ 
imidaZol-2-ylmethoxy)benZyl]thiaZolidine-2,4-dione or a 

pharmacologically acceptable salt thereof, and these com 
pounds are also known to be drugs Which activate peroxisome 
proliferator-activated receptor (PPAR)\(. 

PioglitaZone is a compound described in Us. Pat. No. 
4,687,777. RosiglitaZone is a compound described in Us. 
Pat. No. 5,002,953. MCC-555 is a compound described in 
Us. Pat. No. 5,594,016. EMS-298585 is a compound 
described in International Patent Publication WO 01/21602 
pamphlet. AZ-242 is a compound described in International 
Patent Publication WO 99/62872 pamphlet. LY-519818 is a 
compound described in International Patent Publication WO 
02/100813 pamphlet. 3-(2,4-DichlorobenZyl)-2-methyl-N 
(pentylsulfonyl)-3H-benZimidaZole-5-carboxamide (FK 
614) is a compound described in Us. Pat. No. 6,166,219. 
5 -[4-(6 -Methoxy- 1 -methyl-1H-benZimidaZol-2-ylmethoxy) 
benZyl]thiaZolidine-2,4-dione, and pharmacologically 
acceptable salts thereof, can be produced according to a 
method described in Japanese Patent Application (Kakai) No. 
Hei 9-295970, EP Patent No. 0745600, U.S. Pat. No. 5,886, 
014 and International Patent Publication WO 00/71540 pam 
phlet. 

In the present invention, there are no particular limitations 
on the “biguanide drug” provided it is a drug having actions 
such as anaerobic glycolysis promoting action, terminal insu 
lin action enhancement, inhibition of glucose absorption 
from the gastrointestinal tract, and inhibition of hepatic glu 
coneogenesis, and examples include 1,1-dimethylbiguanide 
monohydrochloride (generic name: metformin), phenformin 
and buformin, With metformin being preferable. 

In the present invention, there are no particular limitations 
on the “insulin secretagogue” provided it is a drug having an 
action of promoting the secretion of insulin from pancreatic [3 
cells, examples of Which include sulfonyl urea (SU) agents 
such as glibenclamide and glimepiride, and fast-acting insu 
lin secretagogues (phenylalanine-based blood glucose 
depressors) such as (—)-N-(trans-4-isopropylcyclohexanecar 
bonyl)-D-phenylalanine (generic name: nateglinide), With 
nateglinide being preferable. 

In the present invention, examples of an “insulin prepara 
tion” include animal insulin preparations extracted from the 
pancreas of a coW or pig, and human insulin preparations 
synthesized by genetic engineering techniques using E. coli 
or yeast. Although insulin preparations include various types 
such as ultra-fast-acting types, fast-acting types, biphasic 
types, intermediate types and sustained types, these can be 
selected and administered according to the patient’s condi 
tion, With fast-acting insulin (regular insulin) being prefer 
able. 

In the present invention, there are no particular limitations 
on the “dipeptidyl peptidase IV (DPP-IV) inhibitor” provided 
it is a drug having an action such as suppressing decomposi 
tion of GLP-1 by inhibiting DPP-IV, and examples include 
MK-0431 described International Patent Publication WO 
2005/3135 pamphlet and International Patent Publication 
WO 2003/4498 pamphlet, LAP-237 described in Intema 
tional Patent Publication WO 2000/34241 pamphlet, and 
EMS-477118 described in International Patent Publication 
WO 2001/68603 pamphlet, Which are represented by the 
folloWing structural formulas, With MK-0431 being prefer 
able. 
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[Chemical formula. 14] 

MK-O43l 

F 

F 
NH; O 

N 

N /\r \ N 
F K/ N\< 

P(O)(OH)3 C133 
LAP-237 

OH 

CN 0 

H )K/N N 

BMS-477l l 8 
OH 

In the present invention, a “C l-C3 alkyl group” refers to a 
linear or branched alkyl group having 1 to 3 carbon atoms, 
examples of Which include a methyl, ethyl, n-propyl and 
isopropyl group. A Cl-C3 alkyl group is preferably a methyl 
group in R1, R2, R3, R4, R5 and R6. 

In the present invention, a “C l-C6 alkyl group” refers to a 
linear or branched alkyl group having 1 to 6 carbon atoms, 
examples of Which include the groups previously listed as 
examples of Cl-C3 alkyl groups as Well as an n-butyl, isobu 
tyl, s-butyl, tert-butyl, n-pentyl, isopentyl, 2-methylbutyl, 
neopentyl, l-ethylpropyl, n-hexyl, isohexyl, 4-methylpentyl, 
3-methylpentyl, 2-methylpentyl, l-methylpentyl, 3,3-dim 
ethylbutyl, 2,2-dimethylbutyl, l,l-dimethylbutyl, 1,2-dim 
ethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl and 2-eth 
ylbutyl group. A Cl-C6 alkyl group is preferably an alkyl 
group having 1 to 3 carbon atoms, and most preferably a 
methyl group, in R1, R2, R3, R4, R5, R6 and R7 and as a 
substituent of the amino group of R3 , R4, R5 and R6. 

In the present invention, a “halogen atom” refers to a ?uo 
rine atom, chlorine atom, bromine atom or iodine atom, and it 
is lplreferably a ?uorine atom in R3, R4, R5 , R6, R7, R8, R9 and 
R . 

In the present invention, a “Cl-C3 haloalkyl group” or 
“C l-C6 haloalkyl group” refers to a group in Which the above 
mentioned “halogen atom” is a substitutent of the above 
mentioned “Cl-C3 alkyl group” or “Cl-C6 alkyl group”, 
respectively. Examples of a “C l-C3 haloalkyl group” include 
a tri?uoromethyl, trichloromethyl, di?uoromethyl, dichlo 
romethyl, dibromomethyl, ?uoromethyl, 2,2,2-tri?uoroethyl, 
2,2,2-trichloroethyl, 2-bromoethyl, 2-chloroethyl, 2-?uoro 
ethyl, 2-iodoethyl, 3-chloropropyl and 2,2-dibromoethyl 
group, and is preferably a ?uoromethyl group in R1, R2, R3, 
R4, R5, R6 and R10. Examples of a “Cl-C6 haloalkyl group” 
include the previously listed examples of a “Cl-C3 haloalkyl 
group” as Well as a 4-iodobutyl, 4-?uorobutyl, 4-chlorobutyl, 
5-iodopentyl, 5-?uoropentyl, 5-chloropentyl, 6-iodohexyl, 
6-?uorohexyl and 6-chlorohexyl group, and it is preferably a 
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12 
Cl-C3 haloalkyl group and more preferably a ?uoromethyl 
group in R1, R2, R3, R4, R5, R6, R7 and R10. 

In the present invention, a “C l-C3 hydroxyalkyl group” or 
“Cl-C6 hydroxyalkyl group” refers to a group in Which a 
hydroxyl group is a substituent of the above-mentioned “C 1 
C3 alkyl group” or “Cl-C6 alkyl group”, respectively. 
Examples of a “Cl-C3 hydroxyalkyl group” include a 
hydroxymethyl, hydroxyethyl and hydroxypropyl group, and 
it is preferably a hydroxymethyl group in R3, R4, R5, R6 and 
R10. Examples of a “C l-C6 hydroxyalkyl group” include the 
previously listed examples of a “C l-C3 hydroxyalkyl group” 
as Well as a hydroxybutyl, hydroxypentyl and hydroxyhexyl 
group, and it is preferably a Cl-C3 hydroxyalkyl group and 
more preferably a hydroxymethyl group in R3, R4, R5, R6, R7, 
R10 and R11, and as a substituent of the amino group of R1. 

In the present invention, a “C l-C3 alkoxy group” or “C l-C6 
alkoxy group” refers to a group in Which the aforementioned 
“C1-C3 alkyl group” or “Cl-C6 alkyl group”, respectively, is 
bonded to an oxygen atom. Examples of a “Cl-C3 alkoxy 
group” include a methoxy, ethoxy, n-propoxy and isopropoxy 
group. Examples of a “C l-C6 alkoxy group” include the pre 
viously listed examples of a “C l-C3 alkoxy group” as Well as 
an n-butoxy, isobutoxy, s-butoxy, tert-butoxy, n-pentoxy, iso 
pentoxy, 2-methylbutoxy, neopentoxy, n-hexyloxy, 4-meth 
ylpentoxy, 3-methylpentoxy, 2-methylpentoxy, 3,3-dimeth 
ylbutoxy, 2,2-dimethylbutoxy, l,l-dimethylbutoxy, 1,2 
dimethylbutoxy, 1,3-dimethylbutoxy and 2,3 
dimethylbutoxy group, and it is preferably a Cl-C3 alkoxy 
group and more preferably a methoxy group in R3 , R4, R5 , R6 
and R7. 

In the present invention, a “C 1 -C3 alkoxymethyl group” or 
“Cl-C6 alkoxymethyl group” refers to a group in Which the 
aforementioned “Cl-C3 alkoxy group” or “Cl-C6 alkoxy 
group”, respectively, is bonded to a methyl group. Examples 
of a “Cl-C3 alkoxymethyl group” include a methoxymethyl 
group, ethoxymethyl group, n-propoxymethyl group and iso 
propoxymethyl group, and it is preferably a methoxymethyl 
group in R1 and R2. Examples of a “Cl-C6 alkoxymethyl 
group” include the previously listed examples of a “Cl-C3 
alkoxymethyl group” as Well as an n-butoxymethyl, isobu 
toxymethyl, s-butoxymethyl, tert-butoxymethyl, n-pen 
toxymethyl, isopentoxymethyl, 2-methylbutoxymethyl, neo 
pentoxymethyl, n-hexyloxymethyl, 4-methylpentoxymethyl, 
3-methylpentoxymethyl, 2-methylpentoxymethyl, 3,3-dim 
ethylbutoxymethyl, 2,2-dimethylbutoxymethyl, l,l-dimeth 
ylbutoxymethyl, l,Z-dimethylbutoxymethyl, 1,3-dimethyl 
butoxymethyl and 2,3-dimethylbutoxymethyl group, and it is 
preferably a “Cl-C3 alkoxymethyl group” and more prefer 
ably a methoxymethyl group in R1 and R2. 
An oligosaccharide derivative having the aforementioned 

general formula (I) of the present invention can be converted 
to an acid addition salt in the case of having a basic group in 
accordance With conventional methods. Examples of such 
salts include salts of halogenated hydroacids such as hydrof 
luoric acid, hydrochloric acid, hydrobromic acid and 
hydroiodic acid; inorganic acid salts such as nitrates, perchlo 
rates, sulfates and phosphates; salts of loWer alkanesulfonic 
acids such as methanesulfonic acid, tri?uoromethanesulfonic 
acid and ethanesulfonic acid; salts of arylsulfonic acids such 
as benZenesulfonic acid and p-toluenesulfonic acid; salts of 
amino acids such as glutamic acid and aspartic acid; and salts 
of carboxylic acids such as acetic acid, fumaric acid, tartaric 
acid, oxalic acid, maleic acid, malic acid, succinic acid, ben 
Zoic acid, mandelic acid, ascorbic acid, lactic acid, gluconic 
acid and citric acid. This acid addition salt is preferably a salt 
of a halogenated hydroacid, and mo st preferably a hydrochlo 
ride. 
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Moreover, since the oligosaccharide derivative having gen 
eral formula (I) of the present invention has a hydroxyl group, 
it can be converted to a metal salt in accordance With conven 

tional methods. Examples of such salts include salts of alka 
line metals such as lithium, sodium and potassium; salts of 
alkaline earth metals such as calcium, barium and magne 
sium; and aluminum salts. A preferable salt is an alkaline 
metal salt. 

The oligosaccharide derivative having general formula (I) 
of the present invention can be converted to a pharmacologi 
cally acceptable ester in accordance With conventional meth 
ods. There are no particular limitations on such esters pro 
vided they are used in medical applications and are 
pharmacologically acceptable as compared With the oligosac 
charide having general formula (1). 

Examples of an ester of the oligosaccharide derivative hav 
ing general formula (I) of the present invention include a 
Cl-C6 alkyl group (Wherein said alkyl group may be substi 
tuted With a trialkylsilyl group), C7-C 16 aralkyl group, C l-C5 
alkyl group substituted With C l-C6 alkanoyloxy, C l-C5 alkyl 
group substituted With Cl-C6 alkyloxycarbonyloxy, Cl-C5 
alkyl group substituted With C5-C7 cycloalkyloxycarbony 
loxy, Cl-C5 alkyl group substituted With C6-Cl0 aryloxycar 
bonyloxy, and 2-oxo-l,3-dioxolen-4-yl group having Cl-C6 
alkyl as a substituent at the 5-position. 

Here, a C 1 -C6 alkyl group is preferably a linear or branched 
alkyl group having 1 to 4 carbon atoms, more preferably a 
methyl, ethyl, propyl, isopropyl, butyl or isobutyl group, and 
most preferably a methyl group or ethyl group. 
A Cl-C5 alkyl group is a linear or branched alkyl group 

having 1 to 5 carbon atoms, preferably a methyl, ethyl, pro 
pyl, isopropyl, butyl or isobutyl group, and most preferably a 
methyl group or ethyl group. 
A C5-C7 cycloalkyl group is a 5- to 7-membered saturated 

cyclic hydrocarbon group, examples of Which include a 
cyclopentyl, cyclohexyl and cycloheptyl group, and it is pref 
erably a cyclohexyl group. 
A C6-Cl0 aryl group is an aromatic hydrocarbon group 

having 6 to 10 carbon atoms, examples of Which include a 
phenyl, indenyl and naphthyl group, and it is preferably a 
phenyl group. 
A C7-Cl6 aralkyl group is a group in Which the aforemen 

tioned “C6-Clo aryl group” is bonded to the aforementioned 
“Cl-C6 alkyl group”, examples of Which include a benZyl, 
ot-naphthylmethyl, [3-naphthylmethyl, indenylmethyl group, 
phenanthrenylmethyl, anthracenylmethyl, diphenylmethyl, 
triphenylmethyl, l-phenethyl, 2-phenethyl, l-naphthylethyl, 
2-naphthylethyl, l-phenylpropyl, 2-phenylpropyl, 3-phenyl 
propyl, l-napthylpropyl, 2-naphthylpropyl, 3-naphthylpro 
pyl, l-phenylbutyl, 2-phenylbutyl, 3-phenylbutyl, 4-phenyl 
butyl, l-naphthylbutyl, 2-naphthylbutyl, 3-naphthylbutyl, 
4-naphthylbutyl, l-phenylpentyl, 2-phenylpentyl, 3-phenyl 
pentyl, 4-phenylpentyl, 5-phenylpentyl, l-napthylpentyl, 
2-naphthylpentyl, 3-naphthylpentyl, 4-naphthylpentyl, 
5-naphthylpentyl, l-phenylhexyl, 2-phenylhexyl, 3-phenyl 
hexyl, 4-phenylhexyl, 5-phenylhexyl, 6-phenylhexyl, 
l-naphthylhexyl, 2-naphthylhexyl, 3-naphthylhexyl, 4-naph 
thylhexyl, 5-naphthylhexyl and 6-naphthylhexyl group. The 
C7-Cl6 aralkyl group is preferably an “aralkyl group” in 
Which the “alkyl group” has 1 to 4 carbon atoms, and more 
preferably a benZyl group. 

Speci?c examples of preferable ester residues include a 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, ben 
Zyl, acetoxymethyl, l-(acetoxy)ethyl, propionyloxymethyl, 
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14 
l-(propionyloxy)ethyl, butyryloxymethyl, l-(butyryloxy) 
ethyl, isobutyryloxymethyl, l-(isobutyryloxy)ethyl, valery 
loxymethyl, l-(valeryloxy)ethyl, isovaleryloxymethyl, l-(is 
ovaleryloxy)ethyl, pivaloyloxymethyl, l-(pivaloyloxy)ethyl, 
methoxycarbonyloxymethyl, l-(methoxycarbonyloxy)ethyl, 
ethoxycarbonyloxymethyl, l-(ethoxycarbonyloxy) ethyl, 
propoxycarbonyloxymethyl, l-(propoxycarbonyloxy)ethyl, 
isopropoxycarbonyloxymethyl, l-(isopropoxycarbonyloxy) 
ethyl, butoxycarbonyloxymethyl, l-(butoxycarbonyloxy) 
ethyl, isobutoxycarbonyloxymethyl, l-(isobutoxycarbony 
loxy) ethyl, t-butoxycarbonyloxymethyl, l - (t 
butoxycarbonyloxy)ethyl, cyclopentanecarbonyloxymethyl, 
l-(cyclopentanecarbonyloxy)ethyl group, cyclohexanecar 
bonyloxymethyl, l-(cyclohexanecarbonyloxy)ethyl, cyclo 
pentyloxycarbonyloxymethyl, l-(cyclopentyloxycarbony 
loxy)ethyl, cyclohexyloxycarbonyloxymethyl, 
l -(cyclohexyloxycarbonyloxy)ethyl, benZoyloxymethyl, 
l-(benZoyloxy)ethyl, phenoxycarbonyloxymethyl, l-(phe 
noxycarbonyloxy)ethyl, (5-methyl-2-oxo-l,3-dioxolen-4 
yl)methyl and 2-trimethylsilylethyl group. 

Furthermore, an oligo saccharide derivative having the gen 
eral formula (I) has various isomers. For example, in an 
oligosaccharide having the general formula (1), optical iso 
mers can exist for group A and the sugar bonding moiety. In 
the general formula (I), stereoisomers based on these asym 
metric carbon atoms as Well as equivolume and non-equivol 
ume mixtures of these isomers are all represented by a single 
formula. Thus, the present invention includes all of these 
isomers and all mixtures of these isomers in various ratios. 

Moreover, the present invention includes all of the oli 
gosaccharide derivatives having the general formula (I), salts 
and esters thereof in the case Where solvates (such as 
hydrates) are formed therefrom. 

Moreover, all compounds converted to an oligosaccharide 
derivative having the general formula (I), or a salt or ester 
thereof, as a result of being metaboliZed in a living body (for 
example, amide derivatives in the manner of so-called pro 
drugs) are included in the present invention. 

In the present invention, (Al) is preferably represented by 
the folloWing general formula (Ala) or (Alb): 

[Chemical formula 15] 

(Ala) 
R7 

R5 N R3, 

R4 

(Alb) 
R7 

R10 N R9 

R8 

and is more preferably represented by the folloWing general 
formula (Alc): 
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[Chemical formula 16] 

(Alc) 

(A2) is preferably represented by the following general 
formula (A2a) or (A2b): 

[Chemical formula 17] 

R3 N 
\ 

R4, 

OH 

N 
\ 

R11 

and is more preferably represented by the following general 
formula (A2c): 

(A2a) 

(A2b) 

[Chemical formula 18] 

(A20) 
N R3 

(A3) is preferably represented by the folloWing general 
formula (A3a): 

R4 

[Chemical formula 19] 

(A3a) 

R1 is preferably a Cl-C6 alkyl group or hydroxymethyl 
group, more preferably a methyl group or hydroxymethyl 
group, and particularly preferably a methyl group. 
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16 
R2 is preferably a Cl-C6 alkyl group or hydroxymethyl 

group, more preferably a methyl group or hydroxymethyl 
group, and particularly preferably a hydroxymethyl group. 

R3, in the general formulas (A1), (A10) and (Ala), is 
preferably a Cl-C6 hydroxyalkyl group, hydroxyl group, 
halogen atom or hydrogen atom, more preferably a Cl-C3 
hydroxyalkyl group or hydrogen atom, and particularly pref 
erably a hydrogen atom. In general formulas (A2), (A2a), 
(A2b) and (A20), it is preferably a C l-C6 hydroxyalkyl group, 
hydroxyl group, hydrogen atom or halogen atom, more pref 
erably a Cl-C3 hydroxyalkyl group or hydrogen atom, and 
particularly preferably a hydroxymethyl group. In general 
formulas (A3) and (A3a), it is preferably a Cl-C6 hydroxy 
alkyl group, amino group, hydroxyl group, hydrogen atom or 
halogen atom, more preferably a hydroxymethyl group, 
hydroxyl group or amino group, and particularly preferably a 
hydroxyl group. 

R4, in the general formulas (A1), (A10) and (Ala), is 
preferably a Cl-C6 hydroxyalkyl group, hydrogen atom, 
hydroxyl group or halogen atom, more preferably a hydroxyl 
group or halogen atom, particularly preferably a hydroxyl 
group or ?uorine atom, and most preferably a hydroxyl 

group. In general formulas (A2), (A2a), (A2b) and (A20), it is 
preferably a C 1 -C6 hydroxyalkyl group, hydrogen atom, halo 
gen atom or hydroxyl group, and more preferably a hydroxyl 

group. In general formulas (A3) and (A3a), it is preferably a 
Cl-C6 hydroxyalkyl group, amino group, hydroxyl group, 
halogen atom or hydrogen atom, more preferably a hydroxyl 
group, halogen atom or hydrogen atom, and particularly pref 
erably a hydroxyl group. 

R5, in the general formulas (A1), (A10) and (Ala), is 
preferably a hydroxyl group, halogen atom, C l-C6 hydroxy 
alkyl group, Cl-C6 haloalkyl group or hydrogen atom, more 
preferably a Cl-C6 hydroxyalkyl group, particularly prefer 
ably a Cl-C3 hydroxyalkyl group, and most preferably a 
hydroxymethyl group. In the general formulas (A3) and 
(A3 a), it is preferably a C1 -C6 hydroxyalkyl group, hydroxyl 
group, hydrogen atom, halogen atom or amino group 
(Wherein said amino group may be substituted With 1 or 2 
C l-C6 alkyl or C 1 -C6 hydroxyalkyl groups), more preferably 
an amino group (Wherein said amino group may be substi 
tuted With 1 or 2 Cl-C6 alkyl groups or Cl-C6 hydroxyalkyl 
groups), and particularly preferably an amino group. 

R6, in general formulas (A3) and (A3a), is preferably a 
Cl-C6 hydroxyalkyl group, amino group, hydroxyl group, 
hydrogen atom or halogen atom, more preferably a Cl-C6 
hydroxyalkyl group, particularly preferably a Cl-C3 
hydroxyalkyl group, and most preferably a hydroxymethyl 
group. 

R7 is preferably a hydrogen atom, Cl-C6 hydroxyalkyl 
group or C 1 -C6 alkyl group, more preferably a hydrogen atom 
or methyl group, and particularly preferably a hydrogen 
atom. 

R8 and R9 are preferably a C 1 -C3 hydroxyalkyl group, halo 
gen atom, hydrogen atom or hydroxyl group, and more pref 
erably a hydrogen atom or hydroxyl group. 

R10 is preferably a C l-C6 hydroxyalkyl group, more pref 
erably a Cl-C3 hydroxyalkyl group, and particularly prefer 
ably a hydroxymethyl group. 

R1 l is preferably a hydroxyl group. 

n is preferably 1. 
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The general formula (I) is preferably represented by the 
following general formula (IA) or (1B): 

[Chemical formula 20] 

(1A) 

(1B) 

OH 

A is preferably represented by the following general for 
mula (Al) or (A2): 

[Chemical formula 21] 

(A1) 

(A2) 

and preferably (Al ). 
A compound having the aforementioned general formula 

(I) of the present invention can be produced using a knoWn 
compound as a starting raW material according to, for 
example, the method indicated beloW. 

In the aforementioned formulas and folloWing descrip 
tions, A, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R1 1 and n are 
the same as previously de?ned. HoWever, in the case R1, R2, 
R3, R4, R5, R6, R7, R8, R9, R10 or R11 represent a hydroxyl 
group or group having a hydroxyl group, said hydroxyl group 
may be protected. 
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Step A: 

[Chemical formula 22] 

O 

X2 \ 
TX8 

0 O X1 N X6 X7 A1 
)(:;_k —> 

/\/\ 
X4 X5 

(i) 

R2 o 

I j—Xl4 
R] O O X12 X13 A2 

X,_ T _. 
/\/\ 

X10 X11 

(ii) 

R2 5 Oil/0L1 
2 R1 o ojl/\ 

Y X18 3 X19 X15_ T 
/\/\ 

X16 X17 

(iii) 
Step B: 
Method Ba: 

[Chemical formula 23] 

O O Yul 

Bal 
—> 

Yul 1g3 

(iv) 

Ya3 Ya3 
O O 

Yul Yul l B 2 ' B 3 NH —a> Npl _a, 
Yul Yul 

(v) (vi) 

P1 

YLZS N Ya3 

Yul Ya4 

(viia) 

Method Bb: 

[Chemical formula 24] 

0 Yb4 Ybs/y Y 
Ybl_\/ J Yb3 Bbl 

\YbZ 
(viii) 
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-continued 
0 Yb4 

L2 

Ybl 01w BbZ \YbZ 
(iX) 

OH 

5 
N 

Ybl_ _Yb3 Bb} Y l_ _Yb3 Bb4 
\J —' \J —' 
YbZ YbZ 

(X) (Xi) 
o o 
\ \ 
NH NP2 

Ybl_ Bb5 bl_ 

&,J Yb} \,J—Yb3 \YbZ \YbZ 
(xii) (viib) 

Method Bc: 

[Chemical formula 25] 

O Ycl O Ycl 

Bcl 
—> 

P3HN YCZ P3HN Y2 

Y3 OH 

(xiii) (viic) 
Step C: 

[Chemical formula 26] 

R2 OTOLI 
R1 0 OiQ/\ l9 
XD/ T X X i (vii) i, <1) 

k/v\ 
X16 X17 

(iii) 

In the aforementioned steps and following descriptions, 
Xl-Xlg, Y‘ll-Y"5 and YCl-Yc3 may be the same or different 
and each represents a hydrogen atom or hydroxyl group (said 
hydroxyl group may optionally be protected by a protecting 
group), Ybl-Yb5 may be the same or different, and each rep 
resents a halogen atom, hydrogen atom or hydroxyl group 
(said hydroxyl group may optionally be protected by a pro 
tecting group), P1 represents R6 or a protecting group of an 
amino group such as a Cl-C6 alkoxycarbonyl group (prefer 
ably a t-butoxycarbonyl group) or C7-C 16 aralkyloxycarbonyl 
group (preferably a benZyloXycarbonyl group), P2 and P3 are 
the same or different and each represents R7 or a protecting 
group of an amino group, such as Cl-C6 alkoxycarbonyl 
group (and preferably a t-butoxycarbonyl group) or C7-Cl6 
aralkyloxycarbonyl group (and preferably a benZyloXycarbo 
nyl group), and L1 and L2 represent a hydroxyl group 
(wherein said hydroxyl group may be protected by a protect 
ing group or a hydrogen atom may be substituted With a 
leaving group) or a leaving group. 

There are no particular limitations on the protecting group 
used for protecting a hydroxyl group provided it is typically 
used to protect a hydroxyl group, examples of Which include 
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20 
“aliphatic acyl groups” such as alkylcarbonyl groups, eg a 
formyl, acetyl, propionyl, butyryl, isobutyryl, pentanoyl, piv 
aloyl, valeryl, isovaleryl, octanoyl, nonanoyl, decanoyl, 
3-methylnonanoyl, 8-methylnonanoyl, 3-ethyloctanoyl, 3,7 
dimethyloctanoyl, undecanoyl, dodecanoyl, tridecanoyl, tet 
radecanoyl, pentadecanoyl, hexadecanoyl, l-methylpentade 
canoyl, 14-methylpentadecanoyl, 13,13 - 
dimethyltetradecanoyl, heptadecanoyl, 
15-methylhexadecanoyl, octadecanoyl, l-methylheptade 
canoyl, nonadecanoyl group, icosanoyl or henaicosanoyl 
group, carboxylated alkylcarbonyl groups, eg a succinoyl, 
glutaroyl or adipoyl group, halogeno loWer alkylcarbonyl 
groups, eg a chloroacetyl, dichloroacetyl, trichloroacetyl or 
tri?uoroacetyl group, loWer alkoxy loWer alkylcarbonyl 
groups, eg methoxyacetyl, and unsaturated alkylcarbonyl 
groups, eg (E)-2-methyl-2-butenoyl; “aromatic acyl 
groups” including arylcarbonyl groups such as a benZoyl, 
ot-naphthoyl or [3-naphthoyl group, halogenoarylcarbonyl 
groups such as 2-bromobenZoyl or 4-chlorobenZoyl, loWer 
alkylated arylcarbonyl groups such as 2,4,6-trimethylbenZoyl 
or 4-toluoyl, loWer alkoxylated arylcarbonyl groups such as 
4-anisoyl, carboxylated arylcarbonyl groups such as 2-car 
boXybenZoyl, 3-carboxybenZoyl or 4-carboXybenZoyl, 
nitrated arylcarbonyl groups such as 4-nitrobenZoyl or 2-ni 
trobenZoyl, loWer alkoxycarbonylated arylcarbonyl groups 
such as 2-(methoxycarbonyl)benZoyl, and arylated arylcar 
bonyl groups such as 4-phenylbenZoyl; “tetrahydropyranyl or 
tetrahydrothiopyranyl groups” such as tetrahydropyran-2-yl, 
3-bromotetrahydropyran-2-yl, 4-methoxytetrahydropyran 
4-yl, tetrahydrothiopyran-2-yl or 4-methoxytetrahydrothi 
opyran-4-yl; “tetrahydrofuranyl or tetrahydrothiofuranyl 
groups” such as tetrahydrofuran-2-yl or tetrahydrothiofuran 
2-yl; “silyl groups” including tri-loWer alkylsilyl groups such 
as trimethylsilyl, triethylsilyl, isopropyldimethylsilyl, t-bu 
tyldimethylsilyl, methyldiisopropylsilyl, methyldi-t-butylsi 
lyl or triisopropylsilyl, and tri-loWer alkylsilyl groups substi 
tuted With 1 or 2 aryl groups such as diphenylmethylsilyl, 
diphenylbutylsilyl, diphenylisopropylsilyl or phenyldiiso 
propylsilyl; “alkoxymethyl groups” including loWer 
alkoxymethyl groups such as methoxymethyl, 1,1-dimethyl 
l-methoxymethyl, ethoxymethyl, propoxymethyl, isopro 
poxymethyl, butoxymethyl or t-butoxymethyl, loWer alkoxy 
lated loWer alkoxymethyl groups such as 
2-methoxyethoxymethyl, and halogeno loWer alkoxymethyl 
groups such as 2,2,2-trichloroethoxymethyl or bis(2-chloro 
ethoxy)methyl; “substituted ethyl groups” including loWer 
alkoxylated ethyl groups such as l-ethoxyethyl or 1-(isopro 
poxy)ethyl, and halogenated ethyl groups such as 2,2,2 
trichloroethyl; “aralkyl groups” including loWer alkyl groups 
substituted With 1 to 3 aryl groups such as benZyl, ot-naphth 
ylmethyl, [3-naphthylmethyl, diphenylmethyl, triphenylm 
ethyl, ot-naphthyldiphenylmethyl or 9-anthrylmethyl, and 
loWer alkyl groups substituted With 1 to 3 aryl groups in Which 
an aryl ring is substituted With loWer alkyl, loWer alkoxy, 
halogen or cyano group such as 4-methylbenZyl, 2,4,6-trim 
ethylbenZyl, 3,4,5-trimethylbenZyl, 4-methoXybenZyl, 
4-methoxyphenyldiphenylmethyl, 2-nitrobenZyl, 4-nitroben 
Zyl, 4-chlorobenZyl, 4-bromobenZyl, 4-cyanobenZyl, or pip 
eronyl; “alkoxycarbonyl groups” including loWer alkoxycar 
bonyl groups such as methoxycarbonyl, ethoxycarbonyl, 
t-butoxycarbonyl or isopropoxycarbonyl, and loWer alkoxy 
carbonyl groups substituted With a halogen atom or tri-loWer 
alkylsilyl group such as 2,2,2-trichloroethoxycarbonyl or 
2-trimethylsilylethoxycarbonyl; “alkenyloxycarbonyl 
groups” such as vinyloxycarbonyl or allyloxycarbonyl; and, 
“aralkyloxycarbonyl groups” in Which the aryl ring may be 
substituted With 1 or 2 loWer alkoxy or nitro groups such as a 
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benZyloxycarbonyl, 4-methoxybenZyloxycarbonyl, 3,4 
dimethoxybenZyloxycarbonyl, 2-nitrobenZyloxycarbonyl or 
4-nitrobenZyloxycarbonyl group. In addition, there are no 
particular limitations on the reagent used to protect a diol 
provided it is normally used for protecting diols, and prefer 
able examples include aldehyde derivatives such as benZal 
dehyde, ketone derivatives such as acetone, and dimethoxy 
compounds such as 2,2-dimethoxypropane or dimethoxyben 
Zyl. 

The process for producing a compound (I) of the present 
invention is composed of the folloWing three steps. 
(1) Step A is to produce an intermediate (iii) Which is the left 
side portion of compound (I). 
(2) Step B is to produce an intermediate (vii) Which is the right 
side portion of compound (I), and method a, method b or 
method c can be selected for this step corresponding to the 
desired compound (I). 
(3) Step C is to produce compound (I) of the present invention 
by condensing the intermediate (iii) obtained in Step A and 
the intermediate (vii) obtained in Step B. 

The folloWing provides an explanation of each step. 
(Step A) 
RaW material compound (i) is produced by protecting and 

de-protecting a hydroxyl group of a knoWn compound 
according to a knoWn method. In addition, the hydroxyl group 
can be protected and de-protected as necessary in this step. 

Protection and de-protection of the hydroxyl group is car 
ried out according to commonly knoWn methods, and can be 
carried out in compliance With, for example, Green & Watts 
eds ., “Protective Groups in Organic Synthesis, Third Edition” 
(Wiley-Interscience, USA). 

In addition, de-protection can also be carried out, for 
example, by a method like that described beloW. 

In the case of using a silyl group as the protecting group of 
the hydroxyl group, it can normally be removed by treating 
With a compound that forms a ?uorine anion such as tetrabu 
tyl ammonium ?uoride, hydro?uoric acid, hydro?uoric acid 
pyridine or potassium ?uoride, or by treating With an organic 
acid such as acetic acid, methanesulfonic acid, para-toluene 
sulfonic acid, tri?uoroacetic acid or tri?uoromethanesulfonic 
acid, or an inorganic acid such as hydrochloric acid. 

Furthermore, in the case of removing With a ?uorine anion, 
the reaction can be promoted by adding an organic acid such 
as formic acid, acetic acid or propionic acid. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance to a certain degree, preferable examples of 
Which include ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane or diethylene 
glycol dimethyl ether; nitriles such as acetonitrile or isobuty 
ronitrile; Water; organic acids such as acetic acid; and mixed 
solvents thereof. 

There are no particular limitations on the reaction tempera 
ture and reaction time, and the reaction is normally carried out 
at 0 to 100° C. (and preferably 10 to 300 C.) for l to 24 hours. 

In the case the protecting group of the hydroxyl group is an 
aralkyl group or aralkyloxycarbonyl group, it is normally 
preferably removed by contacting With a reducing agent in a 
solvent (and preferably by catalytic reduction at normal tem 
perature in the presence of a catalyst), or by using an oxidiZ 
ing agent. 

There are no particular limitations on the solvent used 
When removing by catalytic reduction provided it is not 
involved in the reaction, preferable examples of Which 
include alcohols such as methanol, ethanol or isopropanol, 
ethers such as diethyl ether, tetrahydrofuran or dioxane, aro 
matic hydrocarbons such as toluene, benZene or xylene, ali 
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phatic hydrocarbons such as hexane or cyclohexane, esters 
such as ethyl acetate or propyl acetate, amides such as for 
mamide, dimethylformamide, dimethylacetamide, N-me 
thyl-2-pyrrolidone or hexamethylphosphotriamide, fatty 
acids such as formic acid or acetic acid, Water and mixed 
solvents thereof, and more preferable examples including 
alcohols, fatty acids, mixed solvents of alcohols and ethers, 
mixed solvents of alcohols and Water, and mixed solvents of 
fatty acids and Water. 

There are no particular limitations on the catalyst used 
provided it is normally used in catalytic reduction reactions, 
preferable examples of Which include palladium carbon, pal 
ladium black, Rainey nickel, platinum oxide, platinum black, 
rhodium-aluminum oxide, triphenylphosphine-rhodium 
chloride and palladium-barium sulfate. 

There are no particular limitations on the pressure, and the 
reaction is normally carried out at a pressure of l to 10 
atmospheres. 

Although varying depending on the types of starting sub 
stance, solvent, catalyst and so forth, the reaction temperature 
and reaction time are normally 0 to 100° C. (and preferably 20 
to 70° C.) for 5 minutes to 48 hours (and preferably 1 to 24 
hours). 

There are no particular limitations on the solvent used to 
remove the protecting group by oxidation provided it is not 
involved in the reaction, and is preferably a Water-containing 
organic solvent. 

Preferable examples of such organic solvents include 
ketones such as acetone, halogenated hydrocarbons such as 
methylene chloride, chloroform or carbon tetrachloride, 
nitrites such as acetonitrile, ethers such as diethyl ether, tet 
rahydrofuran and dioxane, amides such as dimethylforma 
mide, dimethylacetamide or hexamethylphosphorotriamide, 
and sulfoxides such as dimethyl sulfoxide. 

There are no particular limitations on the oxidiZing agent 
used provided it is a compound used for oxidation, preferable 
examples of Which include potassium persulfate, sodium per 
sulfate, cerium ammonium nitrate (CAN) and 2,3-dichloro 
5 ,6-dicyano -p-benZoquinone (DDQ). 
Although varying according to the types of starting sub 

stance, solvent, catalyst and so forth, the reaction temperature 
and reaction time are normally 0 to 150° C. for 10 minutes to 
24 hours. 

In addition, the protecting group can also be removed by 
alloWing an alkaline metal such as lithium metal or sodium 
metal to act at —78 to —200 C. in liquid ammonia or an alcohol 
such as methanol or ethanol. 

Moreover, the protecting group can also be removed by 
using aluminum chloride-sodium iodide or an alkylsilyl 
halide such as trimethylsilyliodide in a solvent. 

There are no particular limitations on the solvent used 
provided it is not involved in the reaction, preferable 
examples of Which include nitrites such as acetonitrile, halo 
genated hydrocarbons such as methylene chloride or chloro 
form, and mixed solvents thereof. 

Although varying depending on the starting substance, 
solvent and so forth, the reaction temperature and reaction 
time are normally 0 to 50° C. for 5 minutes to 3 days. 

Furthermore, in the case the reaction substrate has a sulfur 
atom, aluminum chloride-sodium iodide is used preferably. 

In the case the protecting group of the hydroxyl group is an 
aliphatic acyl group, aromatic acyl group or alkoxycarbonyl 
group, the protecting group can be removed by treating With 
a base in a solvent. 

There are no particular limitations on the base used pro 
vided it does not have an effect on other portions of the 
compound, preferable examples of Which include metal 
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alkoxides such as sodium methoxide; alkaline metal carbon 
ates such as sodium carbonate, potassium carbonate or 
lithium carbonate; alkaline metal hydroxides such as sodium 
hydroxide, potassium hydroxide, lithium hydroxide or 
barium hydroxide; and, ammonias such as aqueous ammonia 
or concentrated ammonia-methanol. 

There are no particular limitations on the solvent used 
provided it is normally used in hydrolysis reactions, prefer 
able examples of Which include Water; organic solvents 
including alcohols such as methanol, ethanol or n-propanol, 
and ethers such as tetrahydrofuran or dioxane; and, mixed 
solvents of Water and the aforementioned organic solvents. 

Although varying depending on the starting substance, 
solvent, base used and so forth, there are no particular limi 
tations on the reaction temperature and reaction time, and the 
reaction is normally carried out at 0 to 150° C. for l to 10 
hours to suppress side reactions. 

In the case the protecting group of the hydroxyl group is an 
alkoxymethyl group, tetrahydropyranyl group, tetrahydrothi 
opyranyl group, tetrahydrofuranyl group, tetrahydrothiofura 
nyl group or substituted ethyl group, the protecting group is 
normally removed by treating With an acid in a solvent. 

There are no particular limitations on the acid used pro 
vided it is normally used as a Bronsted acid or LeWis acid, 
preferable examples of Which include Bronsted acids includ 
ing hydrogen chloride; inorganic acids such as hydrochloric 
acid, sulfuric acid or nitric acid; and, organic acids such as 
acetic acid, tri?uoroacetic acid, methanesulfonic acid or 
p-toluenesulfonic acid; and, LeWis acids such as boron trif 
luoride. HoWever, strongly acidic cation exchange resins such 
as DoWex 50W can also be used. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance to a certain degree, preferable examples of 
Which include aliphatic hydrocarbons such as hexane, hep 
tane, ligroin or petroleum ether; aromatic hydrocarbons such 
as benZene, toluene or xylene; halogenated hydrocarbons 
such as methylene chloride, chloroform, carbon tetrachlo 
ride, dichloroethane, chlorobenZene or dichlorobenZene; 
esters such as ethyl formate, ethyl acetate, propyl acetate, 
butyl acetate or diethyl carbonate; ethers such as diethyl ether, 
disopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane 
or diethylene glycol dimethyl ether; alcohols such as metha 
nol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, 
tert-butanol, isoamyl alcohol, diethylene glycol, glycerin, 
octanol, cyclohexanol or methyl cellusorb; ketones such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone, iso 
phorone or cyclohexanone; Water, and mixed solvents 
thereof, While preferable examples include halogenated 
hydrocarbons, esters and ethers. 

Although varying depending on the types and concentra 
tions of the starting substance, solvent and acid used, the 
reaction temperature and reaction time is normally —l0 to 
100° C. (and preferably —5 to 50° C.) for 5 minutes to 48 hours 
(and preferably 30 minutes to 10 hours). 

In the case the protecting group of the hydroxyl group is an 
alkenyloxycarbonyl group, removal of the protecting group is 
normally achieved by treating With a base under similar con 
ditions as the removal reaction in the case the protecting 
group of the hydroxyl group is the aforementioned aliphatic 
acyl group, aromatic acyl group or alkoxycarbonyl group. 

Furthermore, in the case the protecting group of the 
hydroxyl group is allyloxycarbonyl, a method Whereby the 
protecting group is removed by using palladium and triph 
enylphosphine or bis(methyldiphenylphosphine) (1,5-cy 
clooctadiene) iridium (I)-hexa?uorophosphate inpar‘ticular is 
simple, and can be carried out With feW side reactions. 
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In the case the protecting group of the hydroxyl group is a 

formyl group, it can be removed by treating With a base in a 
solvent. 

There are no particular limitations on the base used pro 
vided it does not have an effect on other portions of the 
compound, and an alkaline metal hydrogen carbonate such as 
potassium hydro gencarbonate are used preferably. 

There are no particular limitations on the solvent used 

provided it is normally used in hydrolysis reactions, and 
Water, an organic solvent including alcohols such as metha 
nol, ethanol or n-propanol, and ethers such as tetrahydrofuran 
or dioxane, or a mixed solvent of Water and the organic 
solvent, is used preferably. 
Although varying depending on the starting substance, 

solvent, base used and so forth, there are no particular limi 
tations on the reaction temperature and reaction time, and the 
reaction is normally carried out at 0 to 150° C. for l to 10 
hours to suppress side reactions. 

In the case the protecting group of the hydroxyl group is a 
halogen-substituted acetamide group such as a tri?uoroaceta 
mide group, it is removed by treating With a base in a solvent. 

There are no particular limitations on the base used pro 
vided it does not have an effect on other portions of the 
compound, and a basic resin such as DoWex l><4(OH_) is used 
preferably. 

There are no particular limitations on the solvent used 
provided it is normally used in hydrolysis reactions, and 
Water or an alcohol such as methanol, ethanol or n-propanol is 
used preferably, While Water are more preferable. 
A palladium catalyst such as palladium chloride or an 

iridium catalyst is preferable for de-protecting an allyl group 
at an anomeric position. 

There are no particular limitations on the solvent used 
provided it is normally used in catalytic reactions, and alcohol 
solvents such as methanol, ether solvents such as tetrahydro 
furan or Water are preferable, While methanol or tetrahydro 
furan are more preferable. 

[Step Al] 
This step is for producing compound (ii), and is achieved 

by introducing a leaving group for a hydroxyl group at a 
desired site as necessary, folloWed by carrying out a nucleo 
philic substitution reaction With a reagent corresponding to 
the introduced R1 and R2 groups. 

In the case the leaving group is a halogen atom, there are no 
particular limitations on the solvent used provided it does not 
inhibit the reaction and dissolves the starting substance, pref 
erable examples of Which include ethers such as diethyl ether, 
tetrahydrofuran or dioxane; amides such as dimethylforma 
mide, dimethylacetamide or hexamethylphosphotriamide; 
halogenated hydrocarbons such as dichloromethane, chloro 
form or l,2-dichloroethane; nitriles such as acetonitrile or 
propionitrile; esters such as ethyl formate or ethyl acetate; 
and, mixed solvents thereof, With halogenated hydrocarbons 
or ethers being more preferable, and dichloromethane or tet 
rahydrofuran being particularly preferable. 

There are no particular limitations on the halogenation 
agent used provided it is normally used to convert a hydroxyl 
group to a halogen atom, preferable examples of Which 
include dialkylaminosulfate trihalides such as diethylamino 
sulfur tri?uoride (DAST), thionyl halides such as thionyl 
chloride, thionyl bromide or thionyl iodide, sulfuryl halides 
such as sulfuryl chloride, sulfuryl bromide or sulfuryl iodide, 
phosphorus trihalides such as phosphorus trichloride, phos 
phorus tribromide or phosphorus triiodide, phosphorus pen 
tahalides such as phosphorus pentachloride, phosphorus 
pentabromide or phosphorus pentaiodide, and phosphorus 
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oxyhalides such as phosphorus oxychloride, phosphorus oxy 
bromide or phosphorus oxyiodide. 

The reaction temperature is 0° C. to the heating tempera 
ture (boiling point of the solvent used), and preferably room 
temperature to the heating temperature (boiling point of the 
solvent used). 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 
In the case the leaving group is a sulfonyl group, there are 

no particular limitations on the sulfonylation agent used pro 
vided it is normally used in reactions for sulfonylating a 
hydroxyl group, examples of Which include alkanesulfonyl 
halides such as ethanesulfonyl chloride, arylsulfonyl halides 
such as p-toluenesulfonyl chloride, and sulfonic acid anhy 
drides such as methanesulfonic acid anhydride, benZene 
sulfonic acid anhydride or tri?uoromethanesulfonic acid 
anhydride. Preferable examples include methanesulfonyl 
chloride, p-toluenesulfonyl chloride and tri?uoromethane 
sulfonic acid anhydride. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance to a certain degree, examples of Which 
include aliphatic hydrocarbons such as hexane, heptane, 
ligroin or petroleum ether; aromatic hydrocarbons such as 
benZene, toluene or xylene; halogenated hydrocarbons such 
as methylene chloride, chloroform, carbon tetrachloride, 
dichloroethane, chlorobenZene or dichlorobenZene; esters 
such as ethyl formate, ethyl acetate, propyl acetate, butyl 
acetate or diethyl carbonate; and, ethers such as diethyl ether, 
diisopropyl ether, tetrahydrofuran, dioxane, dimethoxy 
ethane or diethylene glycol dimethyl ether. Preferable 
examples include halogenated hydrocarbons, esters and 
ethers, With tetrahydrofuran being particularly preferable. 

There are no particular limitations on the base used pro 
vided it is used as a base in ordinary reactions, preferable 
examples of Which include organic bases such as triethy 
lamine, tripropylamine, tributylamine, diisopropylethy 
lamine, dicyclohexylamine, N-methylpiperidine, pyridine, 
4-pyrrolidinopyridine, picoline, 4-(N,N-dimethylamino)py 
ridine, 2,6-di(t-butyl)-4-methylpyridine, quinoline, N,N 
dimethylaniline, N,N-diethylaniline, l,5-diaZabicyclo[4.3 .0] 
nona-5-ene (DBN), l,4-diaZabicyclo[2.2.2]octane (DABCO) 
or l,8-diaZacyclo[5.4.0]undec-7-ene (DBU), While triethy 
lamine or pyridine is more preferable. 

The reaction temperature is 0° C. to the heating tempera 
ture (boiling point of the solvent used), and preferably 00 C. to 
room temperature. 

The reaction time is 10 minutes to 24 hours, and preferably 
10 minutes to 1 hour. 
The reagent used as a reagent corresponding to the R1 and 

R2 groups is a commercially available reducing agent or halo 
genation agent and so forth. 

Preferable examples of reducing agents used include alka 
line metal borohydrides such as sodium borohydride or 
lithium borohydride, aluminum hydride compounds such as 
lithium aluminum hydride or lithium triethoxide aluminum 
hydride, and hydride reagents such as sodium tellurium 
hydride. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance, preferable examples of Which include 
alcohols such as methanol or ethanol, ethers such as ether or 
tetrahydrofuran, and mixed solvents thereof. 

There are no particular limitations on the halogenation 
agent used provided it is normally used in halogenation reac 
tions, preferable examples of Which include dialkylaminosul 
fate trihalides such as diethylaminosulfur tri?uoride (DAST), 
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thionyl halides such as thionyl chloride, thionyl bromide or 
thionyl iodide, sulfuryl halides such as sulfuryl chloride, sul 
furyl bromide or sulfuryl iodide, phosphorus trihalides such 
as phosphorus trichloride, phosphorus tribromide or phos 
phorus triiodide, phosphorus pentahalides such as phospho 
rus pentachloride, phosphorus pentabromide or phosphorus 
pentaiodide, and phosphorus oxyhalides such as phosphorus 
oxychloride, phosphorus oxybromide or phosphorus oxyio 
dide, With diethylaminosulfur tri?uoride being more prefer 
able. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance to a certain degree, examples of Which 
include ethers such as ether or tetrahydrofuran, With tetrahy 
drofuran being preferable. 
The reaction temperature is 0° C. to the heating tempera 

ture (boiling point of the solvent used), and preferably room 
temperature to the heating temperature (boiling point of the 
solvent used). 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 
(Step A2) 
This step is for producing intermediate (iii), and is achieved 

by introducing a leaving group at position 1 of compound (ii) 
in compliance With the method of step Al. 

(Step B) 
(Method Ba) 
RaW material compound (iv) can be produced in compli 

ance With the method described in Tetrahedron, Vol. 26, l 985, 
p. 1469. Moreover, raW material compound (v) can be pro 
duced by protecting and de-protecting a hydroxyl group of a 
known compound in compliance With a known method. In 
addition, the hydroxyl group can be protected and de-pro 
tected as necessary in this step in the same manner as method 
A. Moreover, in the case of having a halogen atom for a 
substituent, a halogen atom can also be introduced in com 
pliance With the halogenation reaction of step Al. 

(Step Bal) 
This step is for producing bicyclic compound (v), and is 

achieved by reducing the aZide group of compound (iv) fol 
loWed by heating. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance to a certain degree, examples of Which 
include Water-soluble ethers such as tetrahydrofuran or diox 
ane, Water, or mixtures thereof, With a mixture of Water and 
tetrahydrofuran being preferable. 

Examples of aZide group reducing agents include phos 
phines and aqueous ammonia. Speci?c examples include tri 
alkylphosphines such as trimethylphosphine or triethylphos 
phine and aqueous ammonia, or triarylphosphines such as 
triphenylphosphine and aqueous ammonia, With triarylphos 
phines such as triphenylphosphine and aqueous ammonia 
being preferable. 

In addition, a catalyst can also be used for the reducing 
agent. There are no particular limitations on the catalyst used 
provided it is normally used in contact reduction reactions, 
examples of Which include palladium carbon, palladium 
black, palladium carbon hydroxide, Rainey nickel, platinum 
oxide, platinum black, rhodium-aluminum oxide, triph 
enylphosphine-rhodium chloride or palladium-barium sul 
fate, With palladium carbon or palladium carbon hydroxide 
being preferable. 

In the case of using a catalyst for the reducing agent, there 
are no particular limitations on the solvent used provided it 
does not inhibit the reaction and dissolves the starting sub 
stance, examples of Which include alcohols such as methanol 
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or ethanol, ethers such as tetrahydrofuran or dioxane, fatty 
acids such as acetic acid and esters such as ethyl acetate, With 
methanol being preferable. 

The reaction temperature is 0 to 50° C., and preferably 0° 
C. to room temperature. 

The reaction time is 10 minutes to 24 hours, and preferably 
1 to 5 hours. 

(Step Ba2) 
This step is for producing compound (vi) in Which the 

amino group is protected, and is achieved by protecting the 
amino group of compound (V) With a suitable protecting 
group. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance, preferable examples of Which include 
ethers such as tetrahydrofuran, dioxane, dimethoxyethane or 
diethylene glycol, alcohols such as methanol or ethanol, 
ketones such as acetone or methyl ethyl ketone, amides such 
as N,N-dimethylformamide or N,N-dimethylacetamide, and 
sulfoxides such as dimethyl sulfoxide. 

There are no particular limitations on the reagent used 
provided it is normally used in reactions for introducing a 
protecting group to a free amino group, preferable examples 
of Which include di-t-butyl dicarbonate, benZyloxycarbonyl 
chloride and p-nitrobenZyloxycarbonyl chloride, With di-t 
butyl dicarbonate being more preferable. 

There are no particular limitations on the base used pro 
vided it is used as a base in ordinary reactions, preferable 
examples of Which include alkaline metal carbonates, alka 
line metal bicarbonates and organic bases, With alkaline metal 
bicarbonates being more preferable. 

The reaction temperature is 0 to 50° C., and preferably 0° 
C. to room temperature. 

The reaction time is 10 minutes to 24 hours, and preferably 
1 to 10 hours. 

(Step Ba3) 
This step is for producing pyrrolidine compound (viia), and 

is achieved by opening one of the rings of the bicyclic com 
pound (vi) in the presence of a reducing agent, protecting the 
hydroxyl group as necessary, and de-protecting the hydroxyl 
group at the site to be glycosylated With intermediate (iii). 

There are no particular limitations on the reducing agent 
used provided it is normally used in reduction reactions, 
examples of Which include alkaline metal borohydrides such 
as sodium borohydride or lithium borohydride, aluminum 
hydride compounds such as lithium aluminum hydride or 
lithium triethoxide aluminum hydride, and hydride reagents 
such as sodium tellurium hydride, With sodium borohydride 
being preferable. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance to a certain degree, examples of Which 
include alcohols such as methanol or ethanol, ethers such as 
dioxane, ether or tetrahydrofuran, Water, or mixed solvents 
thereof, With methanol or tetrahydrofuran being preferable. 

The reaction temperature is 0° C. to the boiling point of the 
solvent used, and preferably 50° C. to the boiling point of the 
solvent used. 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 
There are no particular limitations on the solvent used 

provided it does not inhibit the reaction and dissolves the 
starting substance, examples of Which include alcohols such 
as methanol or ethanol, ethers such as ether or tetrahydrofu 
ran, and mixed solvents thereof being preferable. 
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The reaction temperature is 0° C. to the boiling point of the 

solvent used, and preferably 50° C. to the boiling point of the 
solvent used. 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 

(Method Bb) 
The raW material compound (viii) can be produced in com 

pliance With the method described in Carbohydrate Research, 
Vol. 169, 1987, p. 23. Moreover, raW material compound 
(viii) can be produced by protecting and de-protecting a 
hydroxyl group of a knoWn compound according to a knoWn 
method. In addition, the hydroxyl group can be protected and 
de-protected as necessary in this step in the same manner as 
method A. Moreover, in the case of having a halogen atom as 
a substituent, a halogen atom can also be introduced in com 
pliance With the halogenation reaction of step Al. 

(Step Bbl) 
This step is for producing compound (ix), and is achieved 

by introducing a leaving group at position 6 of raW material 
compound (viii) under the same conditions as step Al. In 
addition, the leaving group can be converted to a different 
leaving group as necessary. 

(Step Bb2) 
This step is for producing a compound (x) having a termi 

nal ole?n group, and is achieved by heating compound (ix) in 
the presence of a catalyst in a solvent. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance, preferable examples of Which include 
alcohols such as methanol, ethanol or isopropanol, Water, or 
mixed solvents thereof, With a mixed solvent of Water and 
isopropanol being more preferable. 

There are no particular limitations on the catalyst used 
provided it is normally used in reactions for reducing double 
bonds, examples of Which include Zinc, palladium carbon, 
platinum, Rainey nickel, alkaline metal borohydrides such as 
sodium borohydride or lithium borohydride, aluminum 
hydride compounds such as lithium aluminum hydride or 
lithium triethoxide aluminum hydride, and hydride reagents 
such as sodium tellurium hydride, and Zinc being preferable. 
The reaction temperature is 0° C. to the boiling point of the 

solvent used, and preferably 50° C. to the boiling point of the 
solvent used. 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 
(Step Bb3) 
This step is for producing a compound (xi) having a 

hydroxylamino group, and is achieved by treating compound 
(x) With hydroxylamine hydrochloride. 

There are no particular limitations on the solvent used 
provided it does not inhibit the reaction and dissolves the 
starting substance, preferable examples of Which include 
mixed solvents of alcohols such as methanol, ethanol or iso 
propanol and organic bases such as pyridine, With a mixed 
solvent of ethanol and pyridine being more preferable. 
The reaction temperature is 0° C. to the boiling point of the 

solvent used, and preferably 0 to 60° C. 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 
(Step Bb4) 
This step is for producing bicyclic compound (xii), and is 

achieved by cycliZing compound (xi) by heating in a solvent. 
There are no particular limitations on the solvent used 

provided it is inert, preferable examples of Which include 
aromatic hydrocarbons such as benZene, toluene or xylene, 
With toluene being more preferable. 
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The reaction temperature is 0° C. to the boiling point of the 
solvent used, and preferably 50° C. to the boiling point of the 
solvent used. 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 

(Step Bb5) 
This step is for producing intermediate compound (viib), 

and is achieved by de-protecting the hydroxyl group at the site 
to be glycosylated With intermediate (iii), and protecting the 
secondary amine of compound (xii) under the same condi 
tions as step Al. 

(Method Bc) 
RaW material compound (xiii) can be produced in compli 

ance With the method described in the Chemical Pharmaceu 
tical Bulletin, Vol. 39, 1991, p. 2807. Moreover, raW material 
compound (xiii) can be produced by protecting and de-pro 
tecting a hydroxyl group of a knoWn compound according to 
a knoWn method. In addition, the hydroxyl group can be 
protected and de-protected as necessary in this step in the 
same manner as method A. Moreover, in the case of having a 

halogen atom for a substituent, a halogen atom can also be 
introduced in compliance With the halogenation reaction of 
step Al. 

(Step Bcl) 
This step is for producing intermediate compound (viic), 

and is achieved by de-protecting the protecting group of 
hydroxyl group of raW material compound (xiii). 

(Step C) 
(Step Cl) 
This step is for producing the target compound (I), and is 

achieved by glycosylating With intermediate compounds (iii) 
and (vii), and de-protecting the hydroxyl groups and amino 
groups as necessary in accordance With established methods. 

Preferable examples of the leaving group at the anomeric 
position of compound (iii) include a ?uorine atom, bromine 
atom, chlorine atom, trichloroimidate group, diphenylphos 
phate group, diethylphosphite group, thiomethyl group and 
phenylthio group. 

There are no particular limitations on the solvent used 
provided it is inert, preferable examples of Which include 
halogenated hydrocarbons such as methylene chloride or 
chloroform, ethers such as ether or tetrahydrofuran, and aro 
matic hydrocarbons such as benZene, toluene or xylene, With 
halogenated hydrocarbons or ethers being more preferable, 
and methylene chloride or etherbeing particularly preferable. 

There are no particular limitations on the catalyst used 
provided it is normally used in glycosylation reactions, pref 
erable examples of Which include trimethylsilyl tri?uo 
romethanesulfonic acid, tri?uoromethanesulfonic acid, 
boron tri?uoride-ether complex, toluenesulfonic acid, silver 
tri?uoromethanesulfonic acid and tetrabutyl ammonium 
iodide. 

The reaction temperature is 0° C. to the boiling point of the 
solvent used, and preferably room temperature. 
The reaction time is 10 minutes to 24 hours, and preferably 

1 to 5 hours. 
In addition, target compound (I) can also be produced by 

glycosylating With intermediate compounds (iii) and (viic) 
folloWed by de-protecting the hydroxyl groups and further 
subjecting to basic conditions. 

In addition, in the case n:2, compound (I) can also be 
produced using the same method as methodA or method C by 
using a trisaccharide derivative as the raW material com 
pound. 
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In addition, compound (I) can be converted to an acid 

addition salt, and preferably to a hydrochloride, in accor 
dance With ordinary methods in the case of having a basic 
group. 

FolloWing completion of the reactions of each of the afore 
mentioned steps, the target compound is recovered from the 
reaction mixture in accordance With conventional methods. 
For example, the target compound can be obtained by suitably 
neutraliZing the reaction mixture, or removing insoluble mat 
ter by ?ltration in the case insoluble matter is present, fol 
loWed by adding Water and an immiscible organic solvent 
such as ethyl acetate, Washing With Water and so forth, sepa 
rating the organic layer containing the target compound, dry 
ing With anhydrous magnesium sulfate and so forth, and 
distilling off the solvent. 
The resulting target compound can be separated and puri 

?ed as necessary using, for example, recrystallization, repre 
cipitation or other methods routinely used for separation and 
puri?cation of organic compounds, including eluting With a 
suitable eluent by suitably combining methods such as meth 
ods using synthetic adsorbents such as adsorption column 
chromatography or partition column chromatography, meth 
ods using ion exchange chromatography, and forWard phase 
and/or reverse phase column chromatography methods using 
a silica gel or alkylated silica gel. 

In the present invention, one or more types of ot-amylase 
inhibitor can be used. In addition, one or more types of insulin 
sensitiZers, biguanide drugs, insulin secretagogues, insulin 
preparations and DPP-IV inhibitors can also be used. 

The ot-amylase inhibitor and at least one type of insulin 
sensitiZer, biguanide drug, insulin secretagogue, insulin 
preparation and DPP-IV inhibitor can be administered in the 
form of a compounded agent. In addition, each single agent 
can also be administered simultaneously. In addition, each 
single agent can also be administered in early and late phases 
at suitable intervals. The alloWed administration interval for 
the effects generated by administration of these drugs to be 
achieved can be con?rmed through clinical or animal studies. 
The pharmaceutical composition of the present invention is 

administered in various forms. There are no particular limi 
tations on the administration form, and is determined corre 
sponding to each type of preparation form, patient age, gen 
der and other conditions, and the degree of the disease and so 
forth. For example, the pharmaceutical composition is 
administered orally in the case of tablets, pills, poWders, 
granules, syrups, liquids, suspensions, emulsions and cap 
sules. 
Each of these preparations can be formulated using knoWn 

assistants normally able to be used in knoWn pharmaceutical 
preparation ?elds, such as vehicles, binders, disintegration 
agents, lubricants, dissolution agents, correctives and coating 
agents, With the primary drug in accordance With conven 
tional methods. 
When molding into the form of tablets, conventionally 

knoWn carriers in this ?eld can be Widely used for the carrier, 
examples of Which include vehicles such as lactose, sucrose, 
sodium chloride, glucose, urea, starch, calcium carbonate, 
kaolin, crystalline cellulose or silicic acid, binders such as 
Water, ethanol, propanol, simple syrup, liquid glucose, liquid 
starch, gelatin solution, carboxymethyl cellulose, shellac, 
methyl cellulose, potassium phosphate or polyvinylpyrroli 
done, disintegration agents such as dry starch, sodium algi 
nate, poWdered agar, poWdered laminarin, sodium bicarbon 
ate, calcium carbonate, polyoxyethylene sorbitan fatty acid 
esters, sodium lauryl sulfate, stearic acid monoglyceride, 
starch or lactose, disintegration suppressants such as sucrose, 
stearin, cacao butter or hydrogenated oils, absorption promot 






























































